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INTRODUCTION 


Since  1906,  when  Fischer  (9)  observed  that  the  injection  of 
scarlet  red  into  the  ears  of  rabbits  caused  an  atypical  growth  of 
epithelial  tissue,  the  carcinogenic  properties  of  many  aminoazo  dyes 
have  been  studied.     In  1933  Yoshida  (2.k)  conclusively  demonstrated  the 
hepatic  carcinogenicity  of  the  azo  dye,  2' ,3-dimethyl-^-arainoazobenzene, 
which  is  a  portion  of  the  scarlet  red  molecule.    Three  years  later 
Kinosita  (13)  reported  the  high  hepatic  carcinogenicity  of  4-diinethyl- 
aminoazobenzene  (DAB).    The  carcinogenicity  of  this  compound  and  its 
derivatives  have  been  studied  extensively  by  the  Millers  (11,15,16*17, 
19). 

When  azo  dyes  are  administered  to  rats  tumor  formation  usually 
occurs  in  the  liver,  although  histological  changes  sometimes  occur  in 
other  organs.    Inbred  rats  have  been  used  extensively  because  of  their 
high  susceptibility. 

Azo  dyes  are  very  useful  in  the  study  of  the  metabolic  and  physio- 
logical changes  which  occur  during  tumor  formation  and  may  thus  be  used 
to  aid  in  the  elucidation  of  the  problem  of  cancer.    The  mode  of  action 
of  azo  dyes  is,  however,  still  largely  unknown.     Even  with  the  great 
number  and  wide  variety  of  compounds  which  have  been  found  to  be  car- 
cinogenic, the  mode  of  action  is  still  thought  to  be  the  same. 

Miller  and  Miller  (15)  observed  that  liver  protein  from  rats  fed 
DAB  was  pink  when  suspended  in  acid  and  yellow  in  neutral  or  basic 
solvents.     They  concluded  that  the  dye  was  bound  to  the  protein  by 
chemical  linkages  for  the  following  reasons.    The  dye  could  not  be 
removed  by  dialysis  or  extraction  and  was  released  upon  hydrolysis  of 


the  protein.    Whether  the  dye  is  bound  during  protein  synthesis  or  to 
already  existing  protein  is  not  known.    The  Millers  (15)  also  concluded 
that  the  dye  was  combined  with  the  protein  through  a  derivative  of  the 
-N(CH^)  group  or  through  some  substituent  on  the  ring  bearing  this 
group.     Abo  dyes  without  a  dimethyl  or  aonoaethyl  amino  ;:roup  are 
inactive  as  carcinogens. 

In  this  laboratory  the  carcinogenicity  of  derivatives  of  BAB 
containing  sulfur  have  been  studied  (2,j$,4).    These  are  of  interest 
since  they  contain  potential  mercapto  groups  which  are  capable  of 
forming  disulfide  linkages  with  protein*    Bauer  (2)  has  determined  the 
carcinogenicity  of       ^ •  -dimethylastinophenylazo)  phenyl  methyl  sulfide 
(£~S«Me-DAB)  and  2-(*tldimethylaminophenylazo)  phenyl  methyl  sulfide 
(o-S«Me-DA3) .    Bis  results  showed  the  para  compound  to  be  active  as  a 
carcinogen  whereas  no  tumors  were  observed  in  the  rats  fed  the  ortho 
dye.    Millers  (18)  have  prepared  and  tested  the  carcinogenicity  of  the 
corresponding  aethoxy  compounds,  including  the  meta  compound  which  was 
found  to  be  very  active,  causing  severe  gross  cirrhosis. 

In  this  investigation  >-( h '-dime thy laminophenylazo) phenyl  methyl 
sulfide  (m-5-Me-DAB)  was  synthesized  and  characterized.    The  carcino- 
genicity and  the  presence  of  the  bound  dye  in  the  liver  protein  were 
determined. 


Fig*  1*  m-S*Me-DAB 

The  preparation  and  characteristics  of  this  dye  as  well  as  its  hepatic 
carcinogenicity  are  reported  in  this  thesis. 
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EXPERIMENTAL 
Preparation  of  Intermediates 

The  preparation  of  the  dye  involved  the  synthesis  of  m-aainophenyl 
aethyl  sulfide  which  was  then  coupled  to  dimethylaniline  to  form  the 
azo  compound.    The  preparation  of  the  intermediates  was  accomplished 
by  established  methods  of  organic  chemistry.    The  synthesis  of  a-amino- 
phenyl  aethyl  sulfide  involved  a  series  of  reactions  which  are  described 
below.    The  starting  material  was  m-nitrobenzenesulfonyl  chloride 
obtained  from  Eastman  Kodak. 

Preparation  of  3.3'-dinitrophenyldisulfide.    The  procedure  used  for 
this  preparation  was  according  to  the  method  of  Bauer  and  Cymerman  (1). 
Hydroiodic  acid  was  used  to  effect  the  reduction  of  sulfonyl  chlorides 
to  disulfides.    Thirty  grams  of  m-nitrobenzenesulfonyl  chloride  were 
dissolved  in  300  al.  of  glacial  acetic  acid  and  150  al.  of  h7  per  cent 
hydroiodic  acid  added  to  the  solution.    The  solution  iaaediately  turned 
dark  brown  due  to  the  foraation  of  molecular  iodine.    The  reaction 
mixture  was  allowed  to  stand  over  night  after  which  crystal:?  of  iodine 
were  observed.    Three  hundred  fifty  ml.  of  10  per  cent  sodium  thiosulfate 
were  added  to  convert  the  iodine  to  iodide.    The  solution  was  then  care- 
fully neutralized  by  adding  sixty  grams  of  anhydrous  sodium  carbonate 
in  small  portions.     Ten  per  cent  NaOH  was  added  until  the  solution  was 
distinctly  basic.    The  crude  brownish  yellow  precipitate  was  collected 
by  filtration  and  recrystallized  by  dissolving  the  precipitate  in  hot 
ethanol  and  adding  water  until  the  cloud  point  was  reached.    The  melting 
point  of  the  yellow  crystals  of  the  disulfide  after  two  recrystallizations 
was  82.5°C.  (yield  12  grams  -  60  per  cent). 
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Preparation  of  3-*citrothiophenol.     Glucose  was  used  for  the 
reduction  of  the  disulfide  to  the  corresponding  thiophenol  using  the 
method  of  Claasz  (5).    Fire  grams  of  the  3,3'-diuitropheriyldisulfide 
were  laixed  with  3.5  grams  of  glucoee  in  15  ml.  of  95  per  cent  ethanol. 
After  heating  the  mixture  on  a  steam  cone,  a  solution  of  2.5  grams  of 
NaOH  in  5  ml.  of  water  was  added.    The  solution  immediately  turned  a 
dark  red  due  to  the  formation  of  the  sodium  salt  of  the  mercaptan.  The 
mixture  was  stirred  while  heating  for  15  minutes  after  which  it  was 
cooled  rapidly  with  the  addition  of  ice.    Upon  acidification,  the 
mercaptan  was  obtained  as  a  dark  oil  which  was  extracted  from  the 
solution  by  repeated  extractions  with  diethylether  (five  50  ml. 
portions).    Due  to  the  instability  of  the  mercaptan  the  ether  was 
removed  rapidly  by  vacuum  distillation  keeping  the  flask  cold.  The 
mercaptan  wag  immediately  methylated. 

Preparation  of  m-nitropnenyl  methyl  sulfide.     Immediately  after  the 
removal  of  the  ether  from  the  mercaptan,  4.65  grams  of  sodium  hydroxide 
in  20  ml.  of  water  and  3  ml.  of  dimethylsulfate  were  added  to  methylate 
the  mercaptan.    The  procedure  of  Fricke  and  Spilker  (10)  was  modified 
in  that  the  solution  was  refluxed  for  three  hours.    The  crude  dark 
solution  was  then  distilled  with  steam  until  a  liter  of  distillate  had 
been  collected.    The  m-nitrophenyl  methyl  sulfide  was  extracted  with 
diethylether  and  the  ether  evaporated  on  a  steam  cone,     three  grams  of 
the  yellow  —orpnge  oil  was  obtained  (yield  —  55  per  cent). 

Preparation  of  m-aminophenyl  methyl  sulfide.     The  nitro  group  of 
m-r.itrophenyl  methyl  sulfide  was  reduced  to  the  corresponding  amine  by 
the  use  of  iron  powder  (22).     To  5.^  grams  of  ra-nitrophenyl  metnyl 
sulfide  was  added  an  excess  of  iron  powder  (15  grams)  and  100  ml.  of 
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water.    One-tenth  of  a  ml.  of  glacial  acetic  acid  was  also  added  to  make 
the  solution  slightly  acidic.     The  mixture  was  stirred  mecnanically  for 
ten  hours  at  a  temperature  of  85-90®C.  and  then  neutralized  with  sodium 
carbonate  and  filtered.     The  aqueous  phase  was  extracted  with  five  100 
ml.  portions  of  benzene  and  the  solid  material  extracted  with  five  50 
ml.  portions  of  hot  benzene.    The  extracts  were  combined  and  dried  over 
magnesium  sulfate.    The  dried  benzene  solution  of  the  amine  was  saturated 
with  dry  hydrochloric  acid  and  the  amine  hydrochloride  collected  by 
filtration  (yield  -  k  grams  72  per  cent).    The  amine  hydrochloride  may 
be  recrystallized  from  an  ethanol  solution.     After  neutralization  of 
the  amine  hydrochloride  with  base  and  extraction  in  benzene  the  amine 
may  be  distilled  for  purification.     The  pure  a/nine  is  a  yellow  oil  of 
which  various  derivatives  were  prepared. 

Diazotization  and  Coupling 

The  final  step  in  the  preparation  of  the  dye  is  the  diazotization 
of  m-aminophenyl  methyl  sulfide  and  the  coupling  to  dimethylaniline. 
Zincke  and  Muller  (25)  reported  that  the  amine  could  be  easily  diazotized 
and  coupled  to  dimethylaniline  as  well  as  other  amines.     This  was  done 
according  to  the  method  of  Giese,  Miller  and  Baumann  (11).    Ten  grams 
of  the  amine  in  18  ml.  of  concentrated  hydrochloric  acid  in  100  ml.  of 
water  was  cooled  to  0°C.  and  diazotized  with  a  solution  of  *u96  grams  of 
sodium  nitrite  in  22  ml.  of  water.    This  mixture  was  poured,  all  at  one 
time,  into  a  cool  solution  of  8.7  grams  of  dimethylaniline  and  11.8  grams 
of  sodium  acetate  in  220  ml.  of  70  per  cent  ethanol.    Red  crystals  of  the 
azo  dye  are  formed  in  good  yield.     After  two  recrystallizations  from 
methanol  lk.6  grams  of  the  dye  are  obtained  (yield  -  75  per  cent). 
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The  absorption  spectrum  of  the  dye  was  determined  in  absolute 
ethanol  from  350-550  mp  and  in  a  1:1  ethanol  concentrated  hydrochloric 
acid  solution  over  the  range  **00-600  mn  and  the  molar  extinction 
coefficients  calculated. 

Care  and  Handling  of  Animals 

Male  albino  rats  were  obtained  from  Sprague-Dawley ,  Madison, 
Wisconsin,  and  housed  singly  in  screen  bottomed  metal  cages.  Thw 
ration  and  water  was  available  ad  libitum.    The  basal  ration  was 
essentially  the  same  as  that  suggested  by  the  Wisconsin  group  (21) 


and  has  the  following  composition: 

Casein  (vitamin  free) ........ .12  per  cent 

Glucose  79  per  cent 

Corn  oil  (Maaola)  5  per  cent 

Salts  mixture  W  (18)   1*  per  cent 

The  following  supplements  were  added  per  kilogram  of  ration: 

Thiamine  chloride.   3.0  ng. 

Riboflavin   2.0  mg. 

Pyridoxine  hydrochloride  2.5  mg. 

Calcium  pantothenate....   7*0  mg. 

Choline  chloride  30.0  mg. 


The  dye  was  incorporated  into  the  ration  at  the  level  of  .06  per 
cent  by  dissolving  it  in  warmed  corn  oil  and  then  mixing  with  the  other 
ingredients.    A  group  of  five  rats  were  fed  the  basal  ration  without 
the  dye  to  serve  as  controls.    The  weight  of  each  rat  was  recorded 
weekly.    One  drop  of  halibut  liver  oil  was  given  on  top  of  the  ration 
each  week. 
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Isolation  and  Spectrum  of  Bound  Dye 

After  the  rats  had  been  fed  the  dye  for  six  weeks  a  group  of  six 
rats  was  sacrificed  for  the  bound  dye  analysis. 

The  rats  were  anesthetized  with  diethylether  and  then  slit  open  on 
the  ventral  side  exposing  the  thoracic  and  abdominal  cavities.  The 
liver  was  immediately  perfused  with  physiological  (.89  per  cent)  saline 
by  inserting  a  needle  through  the  inferior  vena  cava  after  severing  the 
portal  vein.    The  liver  was  removed  intact  and  frozen  immediately  in 
acetone  chilled  with  dry  ice  and  kept  frozen  until  the  analysis  was  made. 

The  analysis  was  done  with  a  modification  of  the  procedure  of 
Miller  and  Miller  (15).    After  the  livers  were  thawed  they  were  ho- 
mogenized in  a  Waring  blendor  and  dialized  for  48  hours  in  Visking 
casing  bags  against  continuous  flowing  distilled  water  to  remove  the 
free  aminoazo  dyes  and  lipids.    The  homogenate  was  then  lyophilized  and 
extracted  with  absolute  ethanol  for  48  hours  in  a  Soxhlet  apparatus. 
It  was  ground  up  with  a  mortar  and  pestle  to  make  it  homogeneous.  A 
200  mg.  portion  was  hydrolyzed  in  a  mixture  of  8  ml.  of  ethanol  and  20 
ml.  of  4.5  normal  potassium  hydroxide  at  80°C.  for  20  hours.  After 
hydrolysis  8  ml.  of  ethanol,  16  ml.  of  water  and  16  ml.  of  11  normal 
potassium  hydroxide  were  added  and  the  mixture  extracted  with  40  ml.  of 
diethylether.    Two  more  extractions  were  carried  out  using  24  ml.  of  a 
1:5  ethanol  ether  mixture.    The  extract  was  evaporated  until  dry  on  a 
steam  cone  and  the  residue  taken  up  in  5  ml.  of  ethanol  and  transferred 
to  a  10  ml.  volumetric  flask.    The  solution  was  made  up  to  volume  (10 
ml.)  with  concentrated  hydrochloric  acid  and  the  absorption  spectrum 
determined. 
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RESULTS  AND  DISCISSION 

Physical  Constants  of  Intermediates 

The  physical  constants  of  the  intermediates  as  well  as  their 
derivatives  were  compared  with  those  found  in  the  literature.  This 
data  is  summarized  in  Table  1.    All  melting  points  listed  are  corrected. 

Physical  Characteristics  of  the  Dye 

The  dye  ie  in  the  form  of  orange  plates  when  recrystallized 
from  methanol  and  its  melting  point  is  73»5*C.    The  dye  acts  as  an 
acid-base  indicator  being  red  in  acid  and  yellow  in  neutral  or  basic 
solution.    The  color  change  occurs  at  pH  2-k. 

The  absorption  spectra  of  the  pure  dye  in  absolute  ethanol  and 
in  1:1  ethanol  concentrated  hydrochloric  acid  are  shown  in  Figure  2. 
In  ethanol  the  spectrum  shows  a  maximum  peak  at  klh  mu  and  the  extinction 
coefficient  of  2.80  x  10  .    In  the  1:1  ethanol  HC1  solution  the  maximum 

absorption  peak  ie  at  526  mu  and  the  extinction  coefficient  is  ^.39  x 

if 

10  .     This  is  within  the  normal  range  for  acidified  azo  dyes. 

The  results  from  the  elemental  analysis  as  well  as  the  theoretical 
and  observed  empirical  formulas  are  shown  in  Table  2.  Analytical 
results  were  supplied  by  Drs.  C.  Weiler  and  F.  B.  Strauss,  164  Banbury 
fioad,  Oxford,  England.    The  empirical  formula  as  calculated  from  the 
analytical  results  indicate  that  the  compound  is  most  likely  the  one 
desired. 
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Table  2. 

Elemental  analysis  and  empirical 

formulas  of  the 

pure  dye 

Element 

:  Calculated 
:            Per  Cent  : 

Results 
Formula 

:        Analytical  Results 
:        Per  Cent  :  Formula 

c 

66.38 

15 

66.23 

15.00 

E 

6.32 

17 

6.35 

17.26 

1 

15.^9 

3 

15.30 

2.96 

S 

11.81 

1 

11.80 

1.00 

Effect  of  Dye  on  Rata 

Of  the  thirty-seven  rats  which  were  obtained  seven  died  of  un- 
determined causes  during  the  first  two  weeks.    At  the  end  of  the  first 
week  the  dye  was  incorporated  into  the  diet  of  all  but  five  of  the 
rats  which  were  fed  the  basal  ration  and  kept  as  controls.    After  six 
weeks  of  dye  administration  six  rats  were  sacrificed.    Nineteen  animals 
were  kept  on  the  dye  containing  diet  for  16  weeks. 

The  growth  curves  for  both  groups  of  rats  are  shown  in  Figure  3« 
The  weight  of  the  control  rats  increased  steadily  fro;n  an  average  of  177 
grams  to  356  grams  after  16  weeks.    The  weight  of  the  rats  fed  the  dye 
decreased  slightly  for  the  first  two  weeks  after  which  it  increased 
slowly.    The  initial  average  was  177  grams  and  the  final  was  2^3  grams. 
These  results  are  typical  of  this  type  of  experiment.    The  controls 
consumed  considerably  more  ration  than  did  the  rats  which  were  fed  the 
dye,  which  very  likely  accounts  for  the  difference  in  growth.    The  rats 
fed  the  dye  looked  rough  and  shabby  and  many  showed  a  loss  of  hair 
especially  on  the  hind  quarters. 

At  the  end  of  16  weeks  all  rats  were  sacrificed  and  the  livers 


4         8        12  16 
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Fig.  3.     Growth  curve  of  rats,  controls  (circles),  tho 
on  diet  including  dye  (triangles) 
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examined  for  tumors.    Two  rats  died  during  the  last  week  and  both  had 
large  liver  tumors.    Thus  16  (including  the  two  that  died)  of  the  19 
rats  showed  severe  tumors. 

The  Millers  (18)  determined  the  carcinogenicity  of  the  corresponding 
methoxy  dye  and  found  it  to  be  more  active  than  the  para  or  ortho  dye. 
It  is  generally  found  that  the  meta  substituted  isomers  are  more  active 
as  a  carcinogen  than  either  the  para  or  ortho  compounds. 

Bound  Dys 

The  presence  of  bound  dye  in  the  liver  protein  of  rats  fed  the  dye 
for  six  weeks  was  demonstrated  by  the  addition  of  acid  to  the  extract 
of  the  dye  which  was  prepared  as  described  earlier.    The  color  of  the 
extract  changed  from  yellow  to  pink  immediately  upon  the  addition  of 
acid  whereas  a  similar  extract  from  the  normal  rat  liver  exhibited  no 
change  in  color. 

The  spectrum  (Fig.  k)  of  the  clear  extract  also  shows  a  broad 
but  definite  absorption  peak  at  510  mju  which  is  the  normal  range  for 
acidified  azo  dyes.    The  peak  at  510  mja  is  shifted  slightly  from  the 
peak  of  526  mu  of  the  pure  dye.    This  is  probably  due  to  the  effect  of 
metabolism  of  the  dye  by  the  rat.    Thus  a  quantitative  determination  of 
the  bound  dye  is  difficult  since  the  exact  extinction  coefficient  cannot 
be  obtained.    Another  difficulty  is  the  cloudiness  of  the  extract  of  the 
normal  liver,  although  prepared  exactly  like  the  dye  containing  liver 
extract  which  was  clear. 

SUMMARY 

The  azo  dye,  >-(V -dime thy laminophenylazo) phenyl  methyl  sulfide  was 
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synthesized  and  characterized.  The  properties  of  this  dye  have  not  been 
reported  earlier,  although  Zincke  and  Muller  (25)  reported  the  synthesis. 

Previously  unreported  derivatives  of  one  of  the  intermediates,  m- 
aminophenyl  methyl  sulfide,  were  prepared  and  their  melting  points 
recorded.    These  derivatives  were  the  benzoyl  and  benzenesulf onyl. 

It  was  demonstrated  that  the  dye  was  bound  to  the  liver  protein  and 
that  it  was  a  very  active  carcinogen  producing  large  tumors  in  16  of  19 
rats.    The  carcinogenicity  of  this  dye  was  expected  since  the  para 
isomer  was  shown  to  be  active  by  Bauer  (2),  and  the  meta  isomers  are 
usually  more  carcinogenic  than  the  para  isomers. 


16 


ACKNOWLEDGMENT 

The  author  wishes  to  express  his  thanks  to  Dr.  K.  K.  Burkhard, 
major  professor,  for  his  direction,  helpful  advice,  constructive 
criticism,  and  generous  aid  throughout  the  course  of  this  investigation. 
Thanks  also  to  ay  wife,  Sharon,  for  her  patience  and  help  in  the 
preparation  of  this  manuscript. 


17 


LITERATURE  CITED 


1*    Bauer,  L.  and  J.  Cymerman. 

An  improved  method  of  preparation  of  two  aromatic  dieulphides. 
J.  Chem.  Soc.  3^.  1949. 

2.  Bauer,  R. 

In  vivo  interactions  of  sulfur  containing  azo  dyes  and  proteins. 
Unpublished  Ph.D.  thesis,  Kansas  State  University,  i960. 

3.  Burkhard,  R.  K. ,  R.  M.  Grossman,  and  R.  Bauer. 

Abstracts  128th  meeting  of  American  Chemical  Society,    p.  38c 
1955. 

4.  Burkhard,  R.  K. ,  D.  R.  Setter  and  R.  M.  Grossman. 

The  preparation  and  biological  properties  of  4, 4' -bis  (£- 
dimethylaminophenylazo) phenyl  disulfide.    J.  Amer.  Chem.  Soc. 
76:4976-4977.  1954. 

5.  Claasz,  M. 

Uber  die  Reduktion  von  Disulfiden  durch  Traubenzucker. 
Darstellung  von  Mercaptan.    Ber.  d.  Deutsch.  chem.  Ges.  k^i 
2424-2428.  1912. 

6.  Cleve,  P.  T. 

Ueber  Sulf imidoverbindungen.    Ber.  d.  Deutsch.  chem.  Ges.  20: 
1534-1538.  1887. 

7.  Cleve,  P.  T. 

Ueber  die  Sulf imidoverbindungen.    Ber.  d.  Deutsch.  chem.  Ges. 
21:1099-1100.  1888. 

8.  Ekbom,  A. 

Ueber  m-Dinitrodiphenyldisulf in.    Ber.  d.  Deutsch.  chem.  Ges. 
2^:335-338.  1891. 

9*    Fischer,  R. 

Die  experimentelle  Erzeugung  atypischer  Epithelwucherungen 
und  die  Entstehung  bosartiger  Geschwultse.    Munch,  med. 
Wochschr.  53:2041-2047.    1906.    Original  not  seen.  Reported 
in  Biochemistry  Cancer  by  J.  P.  Greenstein,  author.  Academic 
Press  Inc.,  New  York. 

10.  Fricke,  R.  and  G.  Spilker. 

Uber  die  Darstellung  des  o-Athylthiophenols  durch  Hydrierung 
von  Thionaphthen.    Ber.  dT  Deutsch.  chem.  Ges.  58:24.  1925. 

11.  Giese,  J.  E. ,  J.  A.  Miller  and  C.  A.  Baumann. 

The  carcinogenicity  of  m'-methyl-jg-dimethylaminoazobenzene 
and  of  p_-monomethylaminoazobenzene.    Can.  Res.  5:337-340. 
1945. 


18 


12.  Oilman,  H.  and  G.  A.  Martin. 

Rearrangement  ami  nation  of  o-chloro  and  o-bromophenyl  methyl 
sulfides  and  o-bromophenyl  methyl  sulfone  in  liquid  ammonia. 
J.  Amer.  Chem?  Soc.  7**: 5317-5319.  1952. 

13.  Kinoeita,  R. 

Gann  30:423-426.     (In  Japanese).    Original  not  seen.  Reported 
in  Advances  in  Cancer  Research,  Volume  I  by  J.  A.  and  E.  C. 
Miller.    Academic  Press  Inc.,  New  York. 

1%.    Limpricht,  H. 

Ueber  Thiosulf onsauren  und  Sulf innauren.    Ann.  Chem.  278:239- 
260.  1894. 

15.  Miller,  E.  C.  and  J.  A.  Miller. 

The  presence  and  significance  of  bound  aminoazo  dyes  in  the 
livers  of  rats  fed  p_-diraethylaminoazobenzene.  Can.  Res.  7s 
463-480.  1947. 

16.  Miller,  E.  C,  J.  A.  Miller,  R.  W.  Sapp  and  G.  M.  Weber. 

Studies  on  the  protein-bound  aminoazo  dyes  formed  in  vivo  from 
4-dimethylaminoazobenzene  and  its  c-aonomethyl  derivatives. 
Can.  Res.  9:336-343.  1949. 

17.  Miller,  J.  A.  and  C.  A.  Baumann. 

The  carcinogenicity  of  certain  azo  dyes  related  to  £-dimethyl- 
aminoazobenzene.    Can.  Res.  5:227-234.  1945. 

18.  Miller,  J.  A.,  E.  C.  Miller  and  G.  C.  Finger. 

Further  studies  on  the  carcinogenicity  of  dyes  related  to 
4-dimethylaminoazobenzene.    The  requirements  for  an  unsubsti- 
tuted  2-position.    Can.  Res.  17:387-398.  1957. 

19.  Miller,  J.  A.,  K.  1.  Sapp  and  E.  C.  Miller. 

The  carcinogenic  activities  of  certain  halogen  derivatives 
of  ^-dimethylaminoazobenzene  in  the  rat.  Can.  Res.  9:652- 
660.  1949. 

20.  Palmer,  G.  D.  and  E.  E.  Reid. 

The  influence  of  sulfur  on  the  color  of  azo  dyes.  Further 
investigation.    J.  Amer.  Chem.  Soc.  48:528-532.  1926. 

21.  Rusch,  H.  P.,  C.  A.  Baumann,  J.  A.  Miller  and  B.  E.  Kline. 

American  Association  for  the  Advancement  of  Science. 
Research  Conference  on  Cancer,    p.  267-287.  1945- 

22.  Waldron,  W.  R.  and  E.  E.  Reid. 

The  influence  of  sulfur  on  the  color  of  azo  dyes.    J.  Amer. 
Chem.  Soc.  45:2399-2417.  1923. 

23.  lessen,  L.  C. 

A  modification  of  the  Osborne-Mendel  salt  mixture  containing 
only  inorganic  constituents.    Science  75:339-340.  1932. 


19 


2h*    Toshida,  T. 

Trans.  Jap.  Path.  Soc.  231636-638.    1933*    Original  not  seen. 
Reported  in  Advances  in  Cancer  Research,  Volume  I  by  J.  A. 
and  E.  C.  Miller.    Academic  Press  Inc.,  New  York. 

25.    Zincke,  T.  and  J.  Muller. 

Tiber  1,3-Aminophenyl  Mercaptan.    Ber.  d.  Deutsch.  chera.  Qes. 
kG: 775-786.  1913. 


20 


AP?£NDIX 


21 


Spectrum  and  Extinction  Coefficients  of  Dye  in  Ethanol 


Wavelength  (mp.)        :    Optical  Density      :    Extinction  Coefficient  x  10 
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Spectrum  and  Extinction  Coefficients  of  Dye  in  Ethanol  (concl.) 
Wavelength  (ap)        :    Optical  Density      :    Extinction  Coefficient  x  10 

500  ,0k7  .25 

510  ,0Zk  .13 

520  .012  .06 

530  .009  .03 
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Spectrum  and  Extinction  Coefficients  of  Dye  in  Ethanol:Acid 


Wavelength  (nji)        :    Optical  Density      :    Extinction  Coefficient  x  10 
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Spectrum  and  Extinction  Coefficients  of  Dye  in  EthanolxAcid  (concl.) 


Wavelength  (m]x)        :    Optical  Density      t    Extinction  Coefficient  x  10 
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Average  Weight  of  Rats 


No*  of      :  a-S-Me-DAB  !  Control 

weeks      :  ~  ; 

of  feeding  ;    lo.  of  rats      ;      Ave.  Weight     ;    No*  of  rats  :  Ave.  Weight 
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Spectrum  of  Bound  Dye 


Wavelength  (i^u)  t  Optical  tensity 
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Spectrum  of  Bound  Dye  (concl.) 

Wavelength  (a>.jx) 
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Many  compounds  related  to  the  known  carcinogen,  dimethylaminoazo- 
benzene  (DAB)  have  been  used  to  study  the  effect  of  molecular  structure 
on  carcinogenicity.     Previously,  the  sulfur  containing  dyes  A—  (V- 
diaethylaminophenylazc)phenyl  methjl  sulfide  (p-S-He-DAB)  and  2-(M- 
dimethylaminophenylazo)phenyl  methyl  sulfide  (o-R-Me-DAB)  have  been 
prepared  and  their  carcinogenicity  determined.    The  para  compound  was 
found  to  be  carcinogenic.     In  this  investigation  the  meta  isomer  3-(V- 
dimethylaminophenylazo)phenyl  methyl  sulfide  (m-S-Me-DAB)  was  synthesized 
and  administered  to  rats  to  determine  its  hepatic  carcinogenicity. 

m-Arainophenyl  methyl  sulfide  was  prepared  from  m-nitrobenzene- 
sulfonyl  chloride  by  a  series  of  reactions  including  reductions  by 
hydroiodic  acid,  glucose,  and  iron  powder  and  methylation  by  dimethyl- 
sulfate.     The  physical  constants  of  the  amine  were  determined  and 
various  derivatives  prepared.    The  amine  was  diasotized  and  coupled  to 
dimethylaniline  to  form  the  desired  compound. 

The  azo  dye  was  characterized  and  administered  in  the  ration, 
ad  libitum,  to  19  rats  at  the  level  of  .06  per  cent  for  16  weeks. 
Gross  tumors  were  found  in  the  livers  of  16  of  the  rats.    The  dye  was 
also  shown  to  be  bound  to  the  liver  protein. 

The  meta  substituted  dye  was  found  to  be  more  active  as  a  carcin- 
ogen than  either  the  para  or  ortho  isomers  as  is  generally  the  case. 


